Scrub typhus is associated with various clinical symptoms. However, the pathogenesis of scrub typhus infection remains to be elucidated. A 73-year-old man was admitted to our hospital with consciousness disturbance and suspected meningoencephalitis. The patient's laboratory data showed deterioration and were indicative of hemophagocytic lymphohistiocytosis (HLH). A whole body examination to detect the trigger disease revealed an eschar, which is a characteristic of scrub typhus, on his back. His symptoms showed dramatic improvement after the administration of minocycline (MINO). This case report highlights that the clinical course of a case of scrub typhus meningoencephalitis that was cured with MINO.
Introduction
Scrub typhus is a mite-borne bacterial infection, which is characterized by the triad of fever, skin rash, and eschar. Scrub typhus can sometimes lead to meningoencephalitis (1) . Although various clinical and laboratory findings have been observed in scrub typhus patients, the pathogenesis of the infection is yet to be elucidated. Recently, scrub typhus-associated hemophagocytic lymphohistiocytosis (HLH), has been reported (2) (3) (4) (5) (6) . HLH, the fatal condition involves the overproduction of cytokine and is mainly triggered by malignant lymphoma, viral, bacterial infection and collagen disease (7, 8) . These case reports (2) (3) (4) (5) (6) suggest that hypercytokinemia may play a main role in the development of scrub typhus. Indeed, cytokine overproduction has been observed in scrub typhus patients (9, 10) . Although severe scrub typhus is potentially fatal, it may be successfully treated with minocycline (MINO). We herein present the dynamics of the clinical symptoms and the laboratory data in a patient with meningoencephalitis-associated scrub typhus.
Case Report
A healthy 73-year-old man, who lived in the Tochigi prefecture spent time in the mountains in mid-March. He experienced headache and fever starting from late-March (day 1). These symptoms did not subside and he was admitted to a hospital on day 7. A bacterial infection was suspected and he was treated with cefoperazone/sulbactam. His symptoms did not improve and his consciousness level deteriorated. He was transferred to our hospital on day 14. A physical examination on admission revealed the following: body temperature, 38.6 ; blood pressure, 136/76 mmHg; pulse rate, 114 bpm; and respiratory rate, 36 breaths/min with shallow breathing. No skin rash was observed. The laboratory data on admission are shown in Table 1 . Electroencephalogram (EEG) showed a diffuse slow wave pattern (data not shown). Body computed tomography (CT) showed pleural effusion (Fig. 1A ) and intestinal edema (Fig. 1B) ; however, hepatosplenomegaly was not observed (Fig. 1C) . The patient was on a ventilator for respiratory failure. Bacterial meningoencephalitis or herpes encephalitis was strongly suspected and the patient was treated with empirical therapy, which in- cluded ceftriaxone, ampicillin sodium, vancomycin, and aciclovir from day 14 ( Fig. 2) . sIL2-R levels of 3,140 U/mL can be indicative of central nervous system lymphoma. However, brain MRI showed no abnormalities on day 15. The patient's laboratory data showed a gradual deterioration and were suggestive of HLH, although the HLH diagnostic criteria were not completely fulfilled (Table 2) . Bone marrow aspiration to detect hemophagocytosis was not performed because of concerns about bleeding. Gabexate mesilate and albumin were used for preventing the progression to disseminated intravascular coagulopathy (DIC) and hypoalbuminemia from day 18. The patient's whole body was thoroughly searched and an eschar was found on the right side of his back on day 21 (Fig. 3) . Scrub typhus was clinically diagnosed and MINO treatment was immediately initiated. The patient's fever dramatically subsided and his level of consciousness improved from the next day (Fig. 4) . His laboratory data also improved and he was weaned off the ventilator on day 26. A serological analysis on day 22 was positive for IgM (1:160) and IgG (1:320) antibodies against Orientia tsutsugamushi, Karp strain. The patient was discharged 2 months later.
Discussion
This case report highlights two clinically important issues. First, the patient showed prompt defervescence and recovery of consciousness after the administration of MINO, which is known to have cytokine modulating functions (11) . Second, it is preferable to treat scrub typhus before progression to HLH, although the diagnosis of scrub typhus is sometimes challenging.
The present case showed rapid defervescence and recovery of consciousness after the administration of MINO. Prompt defervescence is well known in scrub typhus patients who are treated with MINO or doxycycline. However, the rapid clinical improvement is difficult to explain by the antibacterial action of MINO, because MINO has bacteriostatic actions, namely the inhibition of bacterial proliferation. O. tsutsugamushi DNA is still detected in the peripheral blood during the recovery phase of scrub typhus patients (12) . MINO modulates the level of TNF-α and has anti-inflammatory effects (11) . TNF-α is the cytokine responsible for the development of HLH (13) and the patient's serum and CSF levels of TNF-α levels were elevated. This Figure 2 . The treatment regimen of the patient. The patient was treated with cefoperazone/sulbactam from day 7 to 14. On admission to our hospital, bacterial meningitis was suspected and he was treated with ceftriaxone, vancomycin, and ampicillin sodium from day 14 to 26. Aciclovir was used due to the suspicion of herpes encephalitis from day 14 to 16. The patient was on a ventilator for respiratory failure from day 14 to 26. Gabexate mesilate was administered from day 18 for 5 days to prevent DIC. Albumin was supplemented from day 18 for 3 days. Minocycline was administered for 2 weeks from day 21. The patient was not treated with steroids or immunoglobulins. anti-inflammatory function of MINO might have been responsible for the rapid defervescence and the recovery of consciousness that were observed in the present case. However, it is controversial that TNF-α may be the sole cause of HLH, because the serum and CSF levels of TNF-α increase in bacterial meningitis and other diseases without progression to HLH (14, 15) . Thus, the role of the cytokines in scrub typhus remains to be elucidated.
In the present case, the laboratory data also improved with the administration of MINO (Fig. 4) . MINO improved pancytopenia, coagulopathy, renal dysfunction, hypoalbuminemia, and the CSF findings. We are not able to answer whether these results were also dependent on the cytokine modulatory function of MINO. The administration of gabexate mesilate was partially effective for treating the patient's coagulopathy because his platelet, fibrinogen, and AT III activity showed a slight improvement before the initiation of MINO treatment. The PT-INR and FDP levels did not show any remarkable changes over the clinical course (data not shown). We cannot clearly explain the dynamics of the changes in the T-bil and AST/ALT levels. MINO and other antibiotics might cause the elevation of AST/ALT lev- els as side effect. The dynamics of the laboratory data helps to know that the disease triggers HLH or not. The diagnosis of scrub typhus is sometimes challenging. In this case, we were not able to obtain accurate information from the patient because of his consciousness disturbance. Furthermore, it was difficult to locate the eschar on his back because he was on a ventilator. Eschars are often found in places that are difficult to see (16) . The patient did not have a skin rash, which is one of the triad symptoms of scrub typhus. Meninigoencephalitis is rare form of scrub typhus, besides, is not prevalent in Tochigi prefecture. According to the data from the Tochigi public health center, the annual incidence of scrub typhus in the prefecture is less than 10 patients per year.
In conclusion, it is preferable to diagnose and treat scrub typhus before the condition progresses to HLH, although it is also essential to establish the criteria which is specific to adult HLH (8, 17) . Fortunately, severe scrub typhus, even complicated HLH, can be treated with MINO or doxycycline (2) (3) (4) (5) . The clinical and laboratory findings are not specific, however, they are good indicators of the progression to HLH.
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